WHAT'S KNOWN ON THIS SUBJECT: Few longitudinal studies from developing countries have assessed the relation between early maternal depressive symptoms and child growth beyond age 2. The results of these studies have been inconclusive.
Impaired growth during childhood is associated with poor developmental outcomes including low educational performance, reduced adult and offspring body size, and increased morbidity and mortality. 1 Early caregiving environments and experiences are critical for adequate childhood growth and development. 2 Although findings are inconsistent, several studies from developing countries suggest that maternal depressive symptoms during infancy may contribute to inadequate growth in the first 2 years of life. 3 Suggested pathways linking maternal depressive symptoms to child growth may involve suboptimal feeding and caregiving practices 4, 5 including decreased likelihood or shorter duration of breastfeeding. [6] [7] [8] Less is known about whether maternal depressive symptoms in a child' s first year of life, when the mother-infant relationship becomes established, are associated with growth in later childhood. Although the role of maternal depression on early childhood growth has generated interest, 3 most investigations have been cross-sectional and limited to the first 2 years of life. Few studies on preschool or older children or from developed countries have been published. 3, 9 Given the 10% to 15% prevalence of depressive symptoms after childbirth in the United States, 10 this question warrants additional exploration.
Parenting styles established in the first 12 to 18 months of life may have sustained influences on maternal and child behavioral outcomes after age 3. 11, 12 Given the close link between depressive symptoms and parenting, 4, 13 we hypothesized that maternal depressive symptoms in the first year postpartum would have consequences for child growth, extending through preschool and kindergarten. The goal of our study was to examine the relation between depressive symptoms in mothers at 9 months' postpartum with subsequent child growth at ages 4 and 5 years.
METHODS

Study Design and Sample
Data were from the Early Childhood Longitudinal Study, Birth Cohort(ECLS-B), a nationally representative sample of ∼10 700 children born in the United States in 2001 and followed prospectively through 2007. Sponsored by the National Center for Education Statistics, ECLS-B collected data on children' s cognitive, socioemotional, psychomotor, and physical development from birth through kindergarten. 14 Children born to mothers ,15 years and infants who died or were adopted before 9 months were ineligible. Low birth weight infants, multiple births, and ethnic minority children including American Indians were oversampled in the ECLS-B.
Our study used data from 3 time points when children were 9 months, 4 years (preschool sample), and 5 to 6 years (kindergarten 2006 and 2007 samples). Children who had not yet started kindergarten in 2006 and children who repeated kindergarten were included in the 2007 data collection. Data were obtained from birth certificates, direct child assessments, and parent or caregiver computer-assisted personal interviews (CAPI).Self-administeredquestionnaires atnine monthswere used for sensitive items including depressive symptoms. The response rates for the CAPI were 74% at 9 months, 63% at 4 years, and 58% at 5 years. 14 Direct child assessments, including anthropometric measurements, were collected by trained staff during home visits at each wave of data collection. Among children with parent data, weighted response rates for the direct child assessments were 96% at 9 months, 98% at 4 years, and 99% at 5 years. [15] [16] [17] Our study focused on ∼6550 singleton children with growth data at 4 years and/or 5 years and whose mothers had depressive scores at 9 months (Fig 1) . Twins and higher order multiple births were dropped from the study because of the potentially different growth trajectories of these children compared with singleton births (n = 1350). When child length/height decreased by $5 cm between time points, we also removed these observations from the analysis (n ,50). We also excluded children if all z score values for weight for length, length-for-age, or weightfor-age were greater than 5 or less than -5 at both 4 years and 5 years (n ,50). The sample size used in the analysis was ∼6450 at 4 years and 5000 at 5 years, with 100 children having growth measurements at age 5 but not at age 4 years. Some children had weight values that appeared to be dataentry errors due to units of measurement and for whom there was no trend of weight gain over time; their data were transformed into kilograms because of the presumed data-entry errors (n = 50). Children who were missing weight or height but not both were included in the analyses. Because of the varying number of outlying z scores for growth indicators, sample sizes for children at risk for being #10% for height-for-age, weight-forage, or weight-for-length vary slightly.
Dependent Variables
A Measure Mat and Portable Stadiometer were used to assess child length at 9 months and height at 4 and 5 years, respectively. At 9 months, the mother and child were weighed together with a digital scale, and the mother' s weight was subtracted to obtain the child' s weight. 18 Children were weighed individually at ages 4 and 5. 19 At 9 months, children were measured and weighed twice independently, and the average score was used. When there was a difference .5% for either weight or length between repeated measures, the measurement closest to the weighted average for the sample children of the same age and birth weight was used. 18 At 4 years, 2 measurements were taken, entered into the CAPI, and averaged. The CAPI prompted the researcher to obtain a third measurement for differences $5%. 19 At 5 years, 3 measurements were taken for each assessment, and the closest 2 measurements were entered in CAPI and averaged. The CAPI prompted researchers to confirm any values outside a range of plausible measurements. 14 Normalized weight-for-age, height-forage, and weight-for-height ratios at 4 and 5 years were calculated based on the 2000 US Centers for Disease Control and Prevention growth charts, standardized for child age and gender. 20 This was done by using zanthro to calculate z scores (Centers for Disease Control. Growth Charts: Percentile Data Files with LMS Values: http://www.cdc. gov/growthcharts/percentile_data_files. htm.) and then defining the cutoff corresponding to below or equal to the 10th percentile. Cutoffs for the dependent variables were defined at below the 10th percentile for heightfor-age, weight-for-height, and weightfor-age. Because we were interested in studying growth deficits corresponding to the risk of stunting, wasting, and underweight, we set our cutoff at the 10th rather than 5th percentile, in accordance with the Special Supplemental Nutrition Program for Women, Infants and Children Nutrition Risk Criteria. 21 
Independent Variable
The independent variable, maternal depressive symptoms, was assessed by using a 12-item version of the Center for Epidemiologic Studies Depression Scale (CES-D). 22, 23 The short form has been validated and used in other large national studies including the National Longitudinal Study of Children and Youth. 24 The CES-D assesses depressive feelings and behaviors during the past week by using a 4-point Likert scale: 0 = rarely or never,1 = some or a little, 2 = occasionally or moderately, and 3 = most or all. 19 The scale gives a total score from 0 to 36, which was categorized into 3 groups: none (,5), mild (5-9), moderate/severe ($10) depressive symptoms; the score of $10 is calibrated to the score of $16 for the original 20-item scale. Mothers missing $9 of the 12 items from the CES-D scale were excluded (n = 1200). Mothers with at least 4 completed CES-D items were eligible to be included in the sample for analysis (∼9500 mothers, 88.9% of the total original sample), and their missing item scores were imputed using the average scale score from the remaining items. In the final sample of 6550 singleton children, fewer than 150 mothers were missing $2 items. Rerunning the analyses with the group of 6400 mothers missing 0 or 1 CES-D item produced comparable estimates to using imputed data. The 12-item CES-D had high internal consistency in this sample (Cronbach' s a = 0.88).
Covariates
Covariates included household characteristics (household income, household food security, home ownership, family structure), maternal characteristics (maternal age, race/ethnicity, employment, pre-pregnancy weight, weight gain during pregnancy, smoking during and after pregnancy, and parity), and child characteristics (child gender, birth weight, age, gestational age at birth, health status, and ever breastfed). Household food security was based on 18 items from the US Department of Agriculture Household Food Security ARTICLE Scale assessing availability of food items in the home and hunger during the previous 12 months. 25 Information on all covariates was collected when children were 9 months old.
Statistical Analysis
Unadjusted analyses of the association between maternal depressive symptoms and all covariates were conducted with cross-tabulations and simple logistic regression, as were unadjusted associations between growth indicators and all covariates. Multiple logistic regression was used to determine the adjusted odds of being #10% heightfor-age, #10% weight-for-height, and #10% weight-for-age at 4 and 5 years for children whose mothers experienced depressive symptoms. Baseline demographic and social characteristics included in multivariable models were chosen on a theoretical basis, as they were identified as predictors of child growth from previous literature. Because of the complex sampling design, sample weights were applied to account for stratification, clustering, and unit nonresponse. In accordance with the National Center for Education Statistics (NCES) requirements for ECLS-B data usage, numbers reported are rounded to the nearest 50. Analyses were conducted by using Stata 11.0 (Statacorp, College Station, TX).
The extent and type of missingness of the covariates were assessed. All variables had ,3% of responses missing. Hot Deck imputation was used to impute missing values for these variables. 26 When possible, other variables related to the missing variable were used to sort the data before conducting imputation. Imputation was not used for the growth outcomes.
RESULTS
Descriptive Statistics
The sample included 6550 children, consisting of 57.3% non-Hispanic white, 12.5% non-Hispanic black, 23.1% Hispanic, and 2.2% Asian children, and 4.8% of another race/ethnicity. At 9 months, the majority of the respondents were biological mothers (99%); ,1% of respondents were nonbiological (step or adoptive) parents. Children dropped from the study because of missing maternal CES-D scores or weight/length measurements were more likely to be racial/ethnic minorities and to report having a poor health status compared with children included in analyses. Mothers excluded from the analyses had less education and lower incomes; they also were younger, less likely to own their homes, to work, to have food secure households, and more likely to be racial/ethnic minorities and single parents than study mothers (data available upon request; P , .05 for differences).
Prevalence of Maternal Depressive Symptoms and Child Undernutrition
At 9 months, weighted estimates indicated that 59.1% of mothers had no depressive symptoms, 23.6% of mothers had mild symptoms, and 17.3% of mothers had moderate/severe symptoms. The weighted mean CES-D score was 5.1 (95% confidence interval [CI]: 4.9-5.3). A higher proportion of mothers with more severe depressive symptoms were in low socioeconomic status categories (including income, food security, and home ownership categories) and education categories. Black mothers and those of other race had increased depressive symptoms ( Table 1 ).
The weighted estimate for average child weight was 18.3 kg (95% CI: 18.2-18.3) at 4 years and 21.1 kg (95% CI: 20.9-21.3) at 5 years. The weighted average child height was 104.6 cm (95% CI: 104.4-104.7) at 4 years and 111.9 cm (95% CI: 111.7-112.0) at 5 years. The weighted prevalence of children who were #10% for height-for-age was 8.3% at 4 years and 6.2% at 5 years. The weighted prevalence of #10% for weight-for-height was 4.0% at 4 years and 3.2% at 5 years, whereas the weighted prevalence of #10% for weight-for-age was 4.6% at 4 years and 4.1% at 5 years. There were no differences in unadjusted mean child height and weight by maternal depressive symptoms. The proportion of children who were #10% for height-forage was higher for mothers with moderate/severe symptoms than for mothers with no depressive symptoms (9.9% vs 7.1%, P = .01).
Unadjusted and Adjusted Analyses
Compared with children of mothers without symptoms, children of mothers with both mild and moderate/severe depressive symptoms had higher odds of being #10% for height-for-age at age 4 ( Table 2 ). This relation remained at age 5 for children of mothers with moderate/severe symptoms but was not significant for mild maternal depressive symptoms. There were no significant relations between maternal depressive symptoms and #10% for weight-for-height or #10% for weightfor-age when children were 4 or 5 years old. After adjustment for covariates, results of multivariate analyses remained almost identical ( Table 3 ). The odds ratio corresponding to #10% height-for-age did not change significantly after controlling for weight gain at 9 months, breastfeeding initiation or duration, or after restricting analyses to mothers missing none or only one CES-D item (see Supplemental Table 4 ). Also, analyses using 20% cutoffs attenuated the relation between depressive symptoms and height-for-age (P , .05)(see Supplemental Table 5 ).
DISCUSSION
Our results suggest that maternal depressive symptoms in the first year of a child' s life are associated with later odds of a child being #10% for heightfor-age at ages 4 and 5. At age 4, both ARTICLE mild as well as moderate to severe maternal depressive symptoms were associated with approximately a 40% higher odds of a child being #10% for height-for-age. At age 5, these associations remained and increased slightly to nearly a 50% higher odds of being #10% for height-for-age among children of mothers with moderate to severe depressive symptoms.
Results from other developed countries on the association between maternal depressive symptoms and child growth have been mixed. [27] [28] [29] [30] [31] [32] Two studies from the United Kingdom examined failure-tothrive in children age #1; one found no association, 30 and the other reported an association only at 4 months that disappeared by 1 year of age. 29 In studies including children followed only until age 2, pooled data from 5 countries showed no differences by depressive symptoms for child weight, length, weight for length, or body mass index. 32 However, a case-control study reported that children #2 years old with growth faltering were more likely to have depressed mothers. 31 The only US study with follow-up until at least age 3 was from an affluent mostly white sample. 27 Unlike other studies, Ertel et al found maternal depressive symptoms at 6 months postpartum associated with increased child heightfor-age z scores at age 3. 27 Using longitudinal growth models from birth to age 3 to examine weight-for-height z scores over time, they reported no difference between children with and without depressed mothers. 28 Varying study results may be due to differences in length of follow-up and in how growth impairment and maternal depressive symptoms were defined and timed. In addition, sample characteristics and sample sizes varied between studies. For example, the effects of maternal depressive symptoms may not be as pronounced in a high-income sample like that of Ertel et al. 27, 28 Results from developing countries are similarly mixed; 3 studies demonstrated a positive relation between maternal depressive symptoms and stunting, [33] [34] [35] and 3 have shown null results or reported only significant associations in unadjusted models. [36] [37] [38] To our knowledge, only 1 other study from southern Brazil has followed children until 4 years. 36 Investigators found no associations between maternal depressive symptoms and any growth outcome, including stunting. 36 A recent metaanalysis of 17 studies conducted in developing countries showed overall positive and significant associations between maternal depressive symptoms and child stunting and underweight. 39 The association between maternal depression and child growth may differ in developing and developed countries because of differences in social resources, caregiving norms, and prevalence of undernutrition.
Deficits in stature suggest prolonged long-term illness or chronic undernutrition. 40 Low height for weight reflects acute undernutrition or severe disease, whereas low weight for age is often an indication of problems that underlie both stunting and wasting. 40 The fact that maternal depressive symptoms were associated with a child being at risk for deficits in stature but not the other growth indicators suggests that maternal depressive symptoms may be associated with a pattern of caregiving behaviors that have a prolonged effect on child growth over time, as reflected in child short stature at least 3 and 4 years later.
Maternal depressive symptoms are associated with insecure attachment in children and with poor parenting behaviors 4,13,41 and feeding practices (eg, nonresponsive and restrictive feeding 4, 42 including decreased likelihood of or shorter duration of breastfeeding [6] [7] [8] ). Maternal depression is also associated with increased stress response in children, which may affect growth. In particular, chronically elevated levels of the stress hormone cortisol are related to lower growth hormone levels in children, which could lead to reduced stature. 43, 44 Our study does not, however, elucidate mechanisms; thus, additional studies are needed to understand the behavioral and physiologic processes that link early caregiving to child growth.
To our knowledge, our study is the first from a developed country to report on maternal depressive symptoms with follow-up of child growth beyond 3 years of age. An additional strength of this study is the large, nationally representative nature of the cohort. ECLS-B provides rich information on potential confounders and independent predictors of child growth. Height and weight were measured by trained study personnel rather than relying on self-report. Likewise, the use of the CES-D, a well-validated and widely used measure of depressive symptoms provides a basis for direct comparison with other studies.
One limitation is the differential loss to follow-up of families for whom there were no data on depressive symptoms or child growth. Because the mothers who dropped out of the study may be at higher risk for depression, this loss may have led to a bias in the magnitude of the associations.The survey weightinghelps account for nonresponse bias but may not address its full impact. Although we adjusted for key variables, data on parental height and body mass index were not available. The study also did not have data on feeding modes/styles, such as responsive feeding practices, so we could not examine how maternal depressive symptoms may influence growth through these pathways. In addition, we did not have data on birth length or maternal depressive symptoms before 9 months and thus could not examine the effect of maternal depressive symptoms on growth at earlier time points, which may affect later growth outcomes. Adjustment for weight gain during the first 9 months changed the estimates only negligibly.
Our study, using a US nationally representative sample, demonstrated associations betweenmaternaldepressive symptoms at 9 months postpartum and reduced stature but not deficits in weight, as defined as #10% of weightfor-height and weight-for-age indicators, in children aged 4 and 5 years. The findings underscore the potential of early detection and treatment of maternal depressive symptoms during the first year postpartum in the prevention of reduced child stature at preschooland school-age. Additional studies are needed to examine mechanisms, differences between populations, and whether differences persist into later elementary school years. 
